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Narrative 



STORMWATER MANAGEMENT 
 

The project area is Sunnyside Lane located off Laws Brook Road. The existing gravel road services 
seven developed residential properties and two undeveloped vacant properties. Each of the developed 
lots contains a single family dwelling with an associated gravel or paved driveway. Vegetation consists 
of grass and wooded area. There is a Bordering Vegetated Wetland (BVW) to the north, northeast, and 
west of the existing roadway. The Natural Resource Conservation Service (N.R.C.S) soil survey report 
for Middlesex County indicates the presence of Hinckley Loamy Sand, Merrimac-Urban Land Complex, 
and Deerfield Loamy Sand which have assigned hydrologic soil group A, A, and B, respectively. On-
site soil evaluations indicated the presence of sand which is of hydrologic soil group A.  
 

Pre-Development 
 

The existing site is comprised of four subcatchments. Subcatchment E-1 contains wooded area, open 
space, roof area, some paved surfaces, a portion of the existing gravel road all draining to Warners Pond.  
 

Subcatchment E-2A contains wooded area and drains to a low spot within the subcatchment. Similarly, 
subcatchment E-2B contains wooded area and drains to a second low spot within the subcatchment.  
 

Subcatchment E-3 contains a portion of the existing gravel roadway, a portion of an existing house and 
paved driveway serviced by the existing roadway, and mainly open space/lawn area. This subcatchment 
drains east toward 30 Sunnyside Lane.  
 

Post-Development 
 

The proposed work pertains to roadway improvements for Sunnyside Lane and the construction of four 
single-family house lots. Currently, Sunnyside Lane is a gravel road approximately 500 feet long. The 
work involves the realignment, extension and paving of the roadway. The new road will be extended to 
a total length of 613 feet to service the new lots. The new road is also proposed to provide a consistent 
positive pitch for drainage. The proposed subcatchments are shown on the attached drainage map. 
 

Subcatchment P-1 compares to subcatchment E-1. Subcatchment P-1 contains mostly open space and 
wooded area, and also contains roof area of existing dwellings, some paved surfaces, and a small portion 
of roadway, all draining to Warners Pond.  
 

Subcatchment P-2 compares to subcatchment E-2. Subcatchment P-2 contains most of the roadway, all 
proposed driveways and open space. The road is superelevated and drains to a drainage swale located 
off the western shoulder and adjacent to the roadway. There are two low points in which area drains are 
proposed and connected, discharging into the proposed infiltration basin to be infiltrated and recharged 
after being treated through the deep sump hooded area drains and sediment forebay. All driveways are 
pitched toward the drainage swale with culverts to maintain consistent flow to the area drains. 
 

Subcatchment P-3 compares to subcatchment E-3 and drains east toward 30 Sunnyside Lane.  
 
Compliance with MA DEP Stormwater Management Standards 
Compliance with the Stormwater Management Standards is as follows: 
 

Standard #1 No Untreated Discharges: 
No new untreated discharges are proposed.  Any additional runoff will be treated and infiltrated. 
 



Standard #2 Peak Rate Attenuation: 
The Post-Development peak flow rates must not be increased from pre-development rates for the 2-year, 
10-year, and 25-year, and 100-year storm events.  Also, offsite flood impact from the 100-year storm 
must not be increased.  With a combination of infiltration and detention, the peak runoff rate has been 
decreased.  The peak runoff rates have been summarized in the following tables. 

 
Discharge Summary Tables 

E-1 Compared to P-1 
 2-year Storm 10-year Storm 25-year Storm 100-year Storm 

Pre Post Pre Post Pre Post Pre Post 
Peak Flow (cfs) 0.220 0.219 1.713 1.515 3.126 2.696 5.737 4.848 

Total Volume (cf) 2,199 1,986 8,860 7,606 14,410 12,223 24,560 20,607 

 
E-2 Compared to P-2 

 2-year Storm 10-year Storm 25-year Storm 100-year Storm 
Pre Post Pre Post Pre Post Pre Post 

Peak Flow (cfs) 0.036 0 0.411 0 0.801 0 1.549 0 
Total Volume (cf) 529 0 2,473 0 4,158 0 7,302 0 

 
E-3 Compared to P-3 

 2-year Storm 10-year Storm 25-year Storm 100-year Storm 
Pre Post Pre Post Pre Post Pre Post 

Peak Flow (cfs) 0.007 0 0.094 0.004 0.185 0.014 0.361 0.056 
Total Volume (cf) 120 0.709 579 49.4 981 111 1,734 244 

 
 
Standard #3 Stormwater Recharge: 
This standard prescribes the stormwater volume that must be recharged to groundwater based on the 
existing site soil conditions.  The Natural Resources Conservation Service (N.R.C.S.) Middlesex Soil 
Survey map indicates that the site contains soil in Hydrologic Group A.  The Stormwater Management 
Policy requires 0.6 inches of runoff over the total impervious area to be recharged in areas with 
Hydrologic Group A soils. Detailed “Recharge Volume Calculations” showing compliance with this 
standard are attached. 
 
Standard #4 Water Quality: 
According to the guidelines provided in the Stormwater Management Standards 80% Total Suspended 
Solids (TSS) removal is required for the total increase in impervious area associated with the project.  
This standard requires 1 inch of water over the impervious area in areas of rapid infiltration. 
Calculations are provided. The combination of deep sump hooded area drains and a sediment forebay 
will be utilized to achieve the required treatment levels.   
 
Standard #5 Land Uses with Higher Potential Pollutant Loads: 
The site will not contain “land uses with higher potential pollutant loads.”  
 
Standard #6 Critical Areas: 
This site does not discharge runoff to critical areas.  
 



Standard #7 Redevelopment: 
This project is not for redevelopment.  This standard would require that the Stormwater Management 
Standards be met to the extent practicable.  The project has been designed to meet all of the standards. 
 
Standard #8 Erosion/Sediment Control: 
Erosion and sediment controls are incorporated into the project design to prevent erosion, control 
sediment movement, and stabilize exposed and disturbed soils during construction.  Temporary erosion 
and sedimentation controls during construction include minimizing areas of exposed soil, directing and 
controlling runoff, and rapidly stabilizing exposed areas.  Soils left exposed for extended periods will be 
mulched and seeded for temporary vegetative cover.  Following construction, exposed areas will be 
permanently vegetated with appropriate ground cover.  Erosion and sedimentation control measures will 
be maintained throughout all phases of construction.  Inspections will be made regularly and after 
rainfalls exceeding 0.5 inches in a 24-hour period during construction.  The contractor will be required 
to inspect erosion and sedimentation control measures at the end of each workday, when precipitation is 
forecasted, and after each rainfall.  All measures will be inspected prior to each weekend.  The 
contractor will replace and repair any malfunctioning or damaged control measures including vegetative 
stabilization.  Long term erosion and sedimentation control will be realized using the Best Management 
Practices described previously.  Areas where soils have been disturbed will be loamed and vegetated. 
 
Standard #9 Operation and Maintenance Plan: 
An Operation and Maintenance Plan has been prepared and is included in this report as well as shown on 
the plan set. 
 
Standard #10 Illicit Discharges to Drainage System: 
No known illicit discharges exist nor are any proposed. 
 
Design Basis 

1. The United States Department of Agriculture Natural Resource Conservation Service 
(N.R.C.S.) TR55 methodology was used to determine offsite rates of runoff. 

2. The twenty-four hour rainfall, taken from the NOAA Atlas, is 7.87 inches for the 100-year 
storm, 6.14 inches for the 25-year storm, 5.03 inches for the 10-year storm, and 3.23 inches 
for the 2-year storm event. 

3. The hydrologic calculations were performed using the computer program: “Hydrology 
Studio” by Hydrology Studio. 

4. The soil types of the site were taken from the N.R.C.S. Soil Survey Map for Middlesex 
County. 

5. Soil conditions and estimated seasonal high groundwater table were based on on-site soil 
evaluations.  

6. The Natural Resource Conservation Service (N.R.C.S) soil survey report for Middlesex 
County indicates the presence of Hinckley Loamy Sand, Merrimac-Urban Land Complex, 
and Deerfield Loamy Sand which have assigned hydrologic soil group A, A, and B, 
respectively.  

7. The rational method (Q=CIA) was used as a basis for sizing pipes.  Runoff Coefficients: 
C=0.15 for woods, 0.20 for grass/landscaped areas, and 0.90 for impervious surfaces. 

8. The Hantush Method was used for Mounding analysis. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pre-Development Hydrology 



Hydrograph 2-yr Summary Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Hyd.
No.

Hydrograph
Type

Hydrograph
Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

1 NRCS Runoff Sub E-1 0.220 12.43 2,199 ----

3 NRCS Runoff Sub E-2A 0.003 13.73 64.6 ----

4 NRCS Runoff Sub E-2B 0.034 12.57 465 ----

5 Junction E-2 Total 0.036 12.57 529 3, 4

7 NRCS Runoff Sub E-3 0.007 12.60 120 ----

9 NRCS Runoff Sub P-1 0.219 12.43 1,986 ----

11 NRCS Runoff Sub P-2 0.691 12.17 3,252 ----

12 Pond Route Infiltration Basin 0.000 13.50 0.000 11 122.71 490

14 NRCS Runoff Sub P-3 0.000 22.07 0.709 ----

16 NRCS Runoff 5A-1 Sunnyside 0.121 12.07 408 ----

17 Pond Route Drywell 0.000 11.57 0.000 16 127.18 70.5

19 NRCS Runoff 5A-2 Sunnyside 0.121 12.07 408 ----

20 Pond Route Drywell 0.000 11.57 0.000 19 127.33 70.5

22 NRCS Runoff 5A-3 Sunnyside 0.121 12.07 408 ----

23 Pond Route Drywell 0.000 10.10 0.000 22 125.43 56.3

25 NRCS Runoff 5B Sunnyside 0.121 12.07 408 ----

26 Pond Route Drywell 0.000 11.77 0.000 25 123.11 54.5

28 NRCS Runoff 31 Sunnyside 0.181 12.07 612 ----

29 Pond Route Drywell 0.000 9.40 0.000 28 123.33 124



Hydrograph 10-yr Summary Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Hyd.
No.

Hydrograph
Type

Hydrograph
Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

1 NRCS Runoff Sub E-1 1.713 12.23 8,860 ----

3 NRCS Runoff Sub E-2A 0.058 12.30 369 ----

4 NRCS Runoff Sub E-2B 0.354 12.33 2,104 ----

5 Junction E-2 Total 0.411 12.33 2,473 3, 4

7 NRCS Runoff Sub E-3 0.094 12.33 579 ----

9 NRCS Runoff Sub P-1 1.515 12.23 7,606 ----

11 NRCS Runoff Sub P-2 2.161 12.17 8,638 ----

12 Pond Route Infiltration Basin 0.000 16.83 0.000 11 123.81 2,664

14 NRCS Runoff Sub P-3 0.004 12.40 49.4 ----

16 NRCS Runoff 5A-1 Sunnyside 0.190 12.07 652 ----

17 Pond Route Drywell 0.000 11.07 0.000 16 128.00 153

19 NRCS Runoff 5A-2 Sunnyside 0.190 12.07 652 ----

20 Pond Route Drywell 0.000 11.07 0.000 19 128.15 153

22 NRCS Runoff 5A-3 Sunnyside 0.190 12.07 652 ----

23 Pond Route Drywell 0.000 10.53 0.000 22 126.03 136

25 NRCS Runoff 5B Sunnyside 0.190 12.07 652 ----

26 Pond Route Drywell 0.000 10.17 0.000 25 123.69 133

28 NRCS Runoff 31 Sunnyside 0.285 12.07 979 ----

29 Pond Route Drywell 0.000 10.00 0.000 28 124.35 258



Hydrograph 25-yr Summary Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Hyd.
No.

Hydrograph
Type

Hydrograph
Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

1 NRCS Runoff Sub E-1 3.126 12.20 14,410 ----

3 NRCS Runoff Sub E-2A 0.125 12.23 645 ----

4 NRCS Runoff Sub E-2B 0.677 12.27 3,513 ----

5 Junction E-2 Total 0.801 12.27 4,158 3, 4

7 NRCS Runoff Sub E-3 0.185 12.30 981 ----

9 NRCS Runoff Sub P-1 2.696 12.20 12,223 ----

11 NRCS Runoff Sub P-2 3.216 12.17 12,573 ----

12 Pond Route Infiltration Basin 0.000 11.50 0.000 11 124.48 4,425

14 NRCS Runoff Sub P-3 0.014 12.27 111 ----

16 NRCS Runoff 5A-1 Sunnyside 0.232 12.07 803 ----

17 Pond Route Drywell 0.000 10.47 0.000 16 128.56 207

19 NRCS Runoff 5A-2 Sunnyside 0.232 12.07 803 ----

20 Pond Route Drywell 0.000 10.47 0.000 19 128.71 207

22 NRCS Runoff 5A-3 Sunnyside 0.232 12.07 803 ----

23 Pond Route Drywell 0.000 11.10 0.000 22 126.45 189

25 NRCS Runoff 5B Sunnyside 0.232 12.07 803 ----

26 Pond Route Drywell 0.000 9.53 0.000 25 124.10 186

28 NRCS Runoff 31 Sunnyside 0.348 12.07 1,205 ----

29 Pond Route Drywell 0.000 11.07 0.000 28 125.06 344



Hydrograph 100-yr Summary Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Hyd.
No.

Hydrograph
Type

Hydrograph
Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

1 NRCS Runoff Sub E-1 5.737 12.20 24,560 ----

3 NRCS Runoff Sub E-2A 0.259 12.20 1,171 ----

4 NRCS Runoff Sub E-2B 1.293 12.23 6,131 ----

5 Junction E-2 Total 1.549 12.23 7,302 3, 4

7 NRCS Runoff Sub E-3 0.361 12.27 1,734 ----

9 NRCS Runoff Sub P-1 4.848 12.20 20,607 ----

11 NRCS Runoff Sub P-2 5.004 12.13 19,278 ----

12 Pond Route Infiltration Basin 0.000 12.33 0.000 11 125.40 7,510

14 NRCS Runoff Sub P-3 0.056 12.10 244 ----

16 NRCS Runoff 5A-1 Sunnyside 0.298 12.07 1,039 ----

17 Pond Route Drywell 0.000 11.27 0.000 16 129.70 292

19 NRCS Runoff 5A-2 Sunnyside 0.298 12.07 1,039 ----

20 Pond Route Drywell 0.000 11.27 0.000 19 129.85 292

22 NRCS Runoff 5A-3 Sunnyside 0.298 12.07 1,039 ----

23 Pond Route Drywell 0.000 10.83 0.000 22 127.15 274

25 NRCS Runoff 5B Sunnyside 0.298 12.07 1,039 ----

26 Pond Route Drywell 0.000 10.67 0.000 25 124.78 271

28 NRCS Runoff 31 Sunnyside 0.447 12.07 1,558 ----

29 Pond Route Drywell 0.000 10.67 0.000 28 126.70 484



Worksheet 2: Runoff curve number and runoff SM-6787

Project: Sunnyside Lane By MKO Date 1/5/22
Rev Date

Location: Concord, MA Checked Date

Circle one: Present Developed

1. Runoff curve number (CN)

Soil name Cover description Area Product of
and CN 1/ CN x Area

hydrologic (cover type, treatment, and
group hydrologic condition:

percent impervious: Table Fig. Fig. Acres
unconnected/connected impervious 2-2 2-3 2-4

(appendix A) area ratio)

- 98 0.22 21.80

A 76 0.16 12.24

A 30 0.33 9.84

A 39 0.58 22.73

B 85 0.01 1.12

B 55 0.92 50.45

B 61 0.45 27.57

1/ Use only one CN source per line. 116601.00 Totals = 2.68 145.75

CN (weighted) =         total   product = 145.75 = 54.45 ;         Use CN = 54
        total   area 2.68

2.    Runoff
Storm #1 Storm #2 Storm #3 Storm #4

Frequency....................................... yr 2 10 25 100

Rainfall, P (24-hour)........................ in 3.21 5.03 6.18 7.94

Runoff, Q......................................... in 0.24 0.96 1.58 2.68
(Use P and CN with table 2-1, fig. 2-1,)
or eqs. 2-3 and 2-4.)

Wooded

Subcatchment E-1

Impervious

Gravel

Good Condition

Open Space

Open Space

Gravel

Wooded

Good Condition

Good Condition

Good Condition



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) SM-6787

Project: Sunnyside Lane By MKO Date 1/5/2022
Rev

Location: Concord, MA Checked Date

Circle one: Present Developed
Circle one: Tc Tt through

subarea

Sheet flow (Applicable to Tc only) Segment ID A-B

1. Surface Description (table 3-1) WOODS

2. Mannings roughness coeff., n (table 3-1) 0.6

3. Flow length, L (total L <= 300 ft) ft 50

4. Two-yr 24-hr rainfall, P2 in 3.1

5. Land Slope, s ft/ft 0.028

6. Tt = 0.007 (nL)^0.8 / (P2^0.5 s^0.4) Compute Tt hr 0.25 0.25

Shallow concentrated Flow Segment ID B-C

7. Surface Description (paved or unpaved) UNPAVED

8. Flow Length, L ft 65

9. Watercourse slope, s ft/ft 0.010

10. Average Velocity, V (figure 3-1) ft/s 1.61

11. Tt = L / 3600V Compute Tt hr 0.01 0.01

Channel flow Segment ID

12. Cross sectional flow area, a sf

13. Wetted perimeter, pw ft

14. Hydraulic radius, r=a/wp Compute r ft

15. Channel Slope, s ft/ft

16. Manning's roughness coeff., n

17. V = 1.49 r^2/3 s^1/2 / n Compute V ft/s

18. Flow length, L ft
19. Tt = L / 3600V Compute Tt hr 0

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr 0.26
min 15.8

(210-VI-TR-55, Second Ed., June 1986) D-3

Subcatchment E-1



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-1 Hyd. No. 1

Hydrograph Type = NRCS Runoff Peak Flow = 0.220 cfs

Storm Frequency = 2-yr Time to Peak = 12.43 hrs

Time Interval = 2 min Runoff Volume = 2,199 cuft

Drainage Area = 2.68 ac Curve Number = 54

Tc Method = User Time of Conc. (Tc) = 15.8 min

Total Rainfall = 3.23 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1

0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.2

0.21
0.22
0.23

Qp = 0.22 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-1 Hyd. No. 1

Hydrograph Type = NRCS Runoff Peak Flow = 1.713 cfs

Storm Frequency = 10-yr Time to Peak = 12.23 hrs

Time Interval = 2 min Runoff Volume = 8,860 cuft

Drainage Area = 2.68 ac Curve Number = 54

Tc Method = User Time of Conc. (Tc) = 15.8 min

Total Rainfall = 5.03 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2
Qp = 1.71 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-1 Hyd. No. 1

Hydrograph Type = NRCS Runoff Peak Flow = 3.126 cfs

Storm Frequency = 25-yr Time to Peak = 12.20 hrs

Time Interval = 2 min Runoff Volume = 14,410 cuft

Drainage Area = 2.68 ac Curve Number = 54

Tc Method = User Time of Conc. (Tc) = 15.8 min

Total Rainfall = 6.14 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

1

2

3

4
Qp = 3.13 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-1 Hyd. No. 1

Hydrograph Type = NRCS Runoff Peak Flow = 5.737 cfs

Storm Frequency = 100-yr Time to Peak = 12.20 hrs

Time Interval = 2 min Runoff Volume = 24,560 cuft

Drainage Area = 2.68 ac Curve Number = 54

Tc Method = User Time of Conc. (Tc) = 15.8 min

Total Rainfall = 7.87 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

1

2

3

4

5

6
Qp = 5.74 cfs



Worksheet 2: Runoff curve number and runoff SM-6787

Project: Sunnyside Lane By MKO Date 1/5/22
Rev Date

Location: Concord, MA Checked Date

Circle one: Present Developed

1. Runoff curve number (CN)

Soil name Cover description Area Product of
and CN 1/ CN x Area

hydrologic (cover type, treatment, and
group hydrologic condition:

percent impervious: Table Fig. Fig. Acres
unconnected/connected impervious 2-2 2-3 2-4

(appendix A) area ratio)

- 98 0.00 0.00

A 76 0.00 0.00

A 30 0.04 1.10

A 39 0.00 0.00

B 85 0.00 0.00

B 55 0.13 6.95

B 61 0.00 0.00

1/ Use only one CN source per line. 7097.00 Totals = 0.16 8.05

CN (weighted) =         total   product = 8.05 = 49.39 ;         Use CN = 49
        total   area 0.16

2.    Runoff
Storm #1 Storm #2 Storm #3 Storm #4

Frequency....................................... yr 2 10 25 100

Rainfall, P (24-hour)........................ in 3.21 5.03 6.18 7.94

Runoff, Q......................................... in 0.12 0.67 1.19 2.15
(Use P and CN with table 2-1, fig. 2-1,)
or eqs. 2-3 and 2-4.)

Wooded Good Condition

Subcatchment E-2A

Impervious

Gravel

Open Space Good Condition

Open Space Good Condition

Gravel

Wooded Good Condition



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) SM-6787

Project: Sunnyside Lane By MKO Date 1/5/2022
Rev

Location: Concord, MA Checked Date

Circle one: Present Developed
Circle one: Tc Tt through

subarea

Sheet flow (Applicable to Tc only) Segment ID A-B

1. Surface Description (table 3-1) WOODS

2. Mannings roughness coeff., n (table 3-1) 0.6

3. Flow length, L (total L <= 300 ft) ft 50

4. Two-yr 24-hr rainfall, P2 in 3.1

5. Land Slope, s ft/ft 0.030

6. Tt = 0.007 (nL)^0.8 / (P2^0.5 s^0.4) Compute Tt hr 0.25 0.25

Shallow concentrated Flow Segment ID B-C

7. Surface Description (paved or unpaved) UNPAVED

8. Flow Length, L ft 19

9. Watercourse slope, s ft/ft 0.001

10. Average Velocity, V (figure 3-1) ft/s 0.51

11. Tt = L / 3600V Compute Tt hr 0.01 0.01

Channel flow Segment ID

12. Cross sectional flow area, a sf

13. Wetted perimeter, pw ft

14. Hydraulic radius, r=a/wp Compute r ft

15. Channel Slope, s ft/ft

16. Manning's roughness coeff., n

17. V = 1.49 r^2/3 s^1/2 / n Compute V ft/s

18. Flow length, L ft
19. Tt = L / 3600V Compute Tt hr 0

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr 0.26
min 15.4

(210-VI-TR-55, Second Ed., June 1986) D-3

Subcatchment E-2A



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2A Hyd. No. 3

Hydrograph Type = NRCS Runoff Peak Flow = 0.003 cfs

Storm Frequency = 2-yr Time to Peak = 13.73 hrs

Time Interval = 2 min Runoff Volume = 64.6 cuft

Drainage Area = 0.16 ac Curve Number = 49

Tc Method = User Time of Conc. (Tc) = 15.4 min

Total Rainfall = 3.23 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0
0.0001
0.0002
0.0003
0.0004
0.0005
0.0006
0.0007
0.0008
0.0009
0.001

0.0011
0.0012
0.0013
0.0014
0.0015
0.0016
0.0017
0.0018
0.0019
0.002

0.0021
0.0022
0.0023
0.0024
0.0025
0.0026

Qp = 0.00 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2A Hyd. No. 3

Hydrograph Type = NRCS Runoff Peak Flow = 0.058 cfs

Storm Frequency = 10-yr Time to Peak = 12.30 hrs

Time Interval = 2 min Runoff Volume = 369 cuft

Drainage Area = 0.16 ac Curve Number = 49

Tc Method = User Time of Conc. (Tc) = 15.4 min

Total Rainfall = 5.03 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

0.032

0.036

0.04

0.044

0.048

0.052

0.056

Qp = 0.06 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2A Hyd. No. 3

Hydrograph Type = NRCS Runoff Peak Flow = 0.125 cfs

Storm Frequency = 25-yr Time to Peak = 12.23 hrs

Time Interval = 2 min Runoff Volume = 645 cuft

Drainage Area = 0.16 ac Curve Number = 49

Tc Method = User Time of Conc. (Tc) = 15.4 min

Total Rainfall = 6.14 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13
Qp = 0.12 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2A Hyd. No. 3

Hydrograph Type = NRCS Runoff Peak Flow = 0.259 cfs

Storm Frequency = 100-yr Time to Peak = 12.20 hrs

Time Interval = 2 min Runoff Volume = 1,171 cuft

Drainage Area = 0.16 ac Curve Number = 49

Tc Method = User Time of Conc. (Tc) = 15.4 min

Total Rainfall = 7.87 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1

0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.2

0.21
0.22
0.23
0.24
0.25
0.26

Qp = 0.26 cfs



Worksheet 2: Runoff curve number and runoff SM-6787

Project: Sunnyside Lane By MKO Date 1/5/22
Rev Date

Location: Concord, MA Checked Date

Circle one: Present Developed

1. Runoff curve number (CN)

Soil name Cover description Area Product of
and CN 1/ CN x Area

hydrologic (cover type, treatment, and
group hydrologic condition:

percent impervious: Table Fig. Fig. Acres
unconnected/connected impervious 2-2 2-3 2-4

(appendix A) area ratio)

- 98 0.02 1.51

A 76 0.04 3.11

A 30 0.13 4.00

A 39 0.08 3.27

B 85 0.02 2.02

B 55 0.39 21.25

B 61 0.03 1.74

1/ Use only one CN source per line. 31017.00 Totals = 0.71 36.90

CN (weighted) =         total   product = 36.90 = 51.82 ;         Use CN = 52
        total   area 0.71

2.    Runoff
Storm #1 Storm #2 Storm #3 Storm #4

Frequency....................................... yr 2 10 25 100

Rainfall, P (24-hour)........................ in 3.21 5.03 6.18 7.94

Runoff, Q......................................... in 0.17 0.81 1.37 2.40
(Use P and CN with table 2-1, fig. 2-1,)
or eqs. 2-3 and 2-4.)

Wooded Good Condition

Subcatchment E-2B

Impervious

Gravel

Open Space Good Condition

Open Space Good Condition

Gravel

Wooded Good Condition



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) SM-6787

Project: Sunnyside Lane By MKO Date 1/5/2022
Rev

Location: Concord, MA Checked Date

Circle one: Present Developed
Circle one: Tc Tt through

subarea

Sheet flow (Applicable to Tc only) Segment ID A-B

1. Surface Description (table 3-1) WOODS

2. Mannings roughness coeff., n (table 3-1) 0.6

3. Flow length, L (total L <= 300 ft) ft 50

4. Two-yr 24-hr rainfall, P2 in 3.1

5. Land Slope, s ft/ft 0.016

6. Tt = 0.007 (nL)^0.8 / (P2^0.5 s^0.4) Compute Tt hr 0.32 0.32

Shallow concentrated Flow Segment ID B-C

7. Surface Description (paved or unpaved) UNPAVED

8. Flow Length, L ft 140

9. Watercourse slope, s ft/ft 0.060

10. Average Velocity, V (figure 3-1) ft/s 3.95

11. Tt = L / 3600V Compute Tt hr 0.01 0.01

Channel flow Segment ID

12. Cross sectional flow area, a sf

13. Wetted perimeter, pw ft

14. Hydraulic radius, r=a/wp Compute r ft

15. Channel Slope, s ft/ft

16. Manning's roughness coeff., n

17. V = 1.49 r^2/3 s^1/2 / n Compute V ft/s

18. Flow length, L ft
19. Tt = L / 3600V Compute Tt hr 0

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr 0.33
min 19.5

(210-VI-TR-55, Second Ed., June 1986) D-3

Subcatchment E-2B



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2B Hyd. No. 4

Hydrograph Type = NRCS Runoff Peak Flow = 0.034 cfs

Storm Frequency = 2-yr Time to Peak = 12.57 hrs

Time Interval = 2 min Runoff Volume = 465 cuft

Drainage Area = 0.71 ac Curve Number = 52

Tc Method = User Time of Conc. (Tc) = 19.5 min

Total Rainfall = 3.23 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

0.022

0.024

0.026

0.028

0.03

0.032

0.034
Qp = 0.03 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2B Hyd. No. 4

Hydrograph Type = NRCS Runoff Peak Flow = 0.354 cfs

Storm Frequency = 10-yr Time to Peak = 12.33 hrs

Time Interval = 2 min Runoff Volume = 2,104 cuft

Drainage Area = 0.71 ac Curve Number = 52

Tc Method = User Time of Conc. (Tc) = 19.5 min

Total Rainfall = 5.03 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36
Qp = 0.35 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2B Hyd. No. 4

Hydrograph Type = NRCS Runoff Peak Flow = 0.677 cfs

Storm Frequency = 25-yr Time to Peak = 12.27 hrs

Time Interval = 2 min Runoff Volume = 3,513 cuft

Drainage Area = 0.71 ac Curve Number = 52

Tc Method = User Time of Conc. (Tc) = 19.5 min

Total Rainfall = 6.14 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1
Qp = 0.68 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-2B Hyd. No. 4

Hydrograph Type = NRCS Runoff Peak Flow = 1.293 cfs

Storm Frequency = 100-yr Time to Peak = 12.23 hrs

Time Interval = 2 min Runoff Volume = 6,131 cuft

Drainage Area = 0.71 ac Curve Number = 52

Tc Method = User Time of Conc. (Tc) = 19.5 min

Total Rainfall = 7.87 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2
Qp = 1.29 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

E-2 Total Hyd. No. 5

Hydrograph Type = Junction Peak Flow = 0.036 cfs

Storm Frequency = 2-yr Time to Peak = 12.57 hrs

Time Interval = 2 min Hydrograph Volume = 529 cuft

Inflow Hydrographs = 3, 4 Total Contrib. Area = 0.87 ac

Sub E-2A Sub E-2B E-2 Total
Time (hrs)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

0.022

0.024

0.026

0.028

0.03

0.032

0.034

0.036
Qp = 0.04 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

E-2 Total Hyd. No. 5

Hydrograph Type = Junction Peak Flow = 0.411 cfs

Storm Frequency = 10-yr Time to Peak = 12.33 hrs

Time Interval = 2 min Hydrograph Volume = 2,473 cuft

Inflow Hydrographs = 3, 4 Total Contrib. Area = 0.87 ac

Sub E-2A Sub E-2B E-2 Total
Time (hrs)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42
Qp = 0.41 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

E-2 Total Hyd. No. 5

Hydrograph Type = Junction Peak Flow = 0.801 cfs

Storm Frequency = 25-yr Time to Peak = 12.27 hrs

Time Interval = 2 min Hydrograph Volume = 4,158 cuft

Inflow Hydrographs = 3, 4 Total Contrib. Area = 0.87 ac

Sub E-2A Sub E-2B E-2 Total
Time (hrs)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1
Qp = 0.80 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

E-2 Total Hyd. No. 5

Hydrograph Type = Junction Peak Flow = 1.549 cfs

Storm Frequency = 100-yr Time to Peak = 12.23 hrs

Time Interval = 2 min Hydrograph Volume = 7,302 cuft

Inflow Hydrographs = 3, 4 Total Contrib. Area = 0.87 ac

Sub E-2A Sub E-2B E-2 Total
Time (hrs)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2
Qp = 1.55 cfs



Worksheet 2: Runoff curve number and runoff SM-6787

Project: Sunnyside Lane By MKO Date 1/5/22
Rev Date

Location: Concord, MA Checked Date

Circle one: Present Developed

1. Runoff curve number (CN)

Soil name Cover description Area Product of
and CN 1/ CN x Area

hydrologic (cover type, treatment, and
group hydrologic condition:

percent impervious: Table Fig. Fig. Acres
unconnected/connected impervious 2-2 2-3 2-4

(appendix A) area ratio)

- 98 0.01 1.41

A 76 0.05 3.52

A 30 0.04 1.17

A 39 0.09 3.61

B 85 0.00 0.00

B 55 0.01 0.67

B 61 0.01 0.38

1/ Use only one CN source per line. 9182.00 Totals = 0.21 10.76

CN (weighted) =         total   product = 10.76 = 51.06 ;         Use CN = 51
        total   area 0.21

2.    Runoff
Storm #1 Storm #2 Storm #3 Storm #4

Frequency....................................... yr 2 10 25 100

Rainfall, P (24-hour)........................ in 3.21 5.03 6.18 7.94

Runoff, Q......................................... in 0.15 0.76 1.31 2.32
(Use P and CN with table 2-1, fig. 2-1,)
or eqs. 2-3 and 2-4.)

Wooded Good Condition

Subcatchment E-3

Impervious

Gravel

Open Space Good Condition

Open Space Good Condition

Gravel

Wooded Good Condition



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) SM-6787

Project: Sunnyside Lane By MKO Date 1/5/2022
Rev

Location: Concord, MA Checked Date

Circle one: Present Developed
Circle one: Tc Tt through

subarea

Sheet flow (Applicable to Tc only) Segment ID A-B

1. Surface Description (table 3-1) WOODS

2. Mannings roughness coeff., n (table 3-1) 0.6

3. Flow length, L (total L <= 300 ft) ft 50

4. Two-yr 24-hr rainfall, P2 in 3.1

5. Land Slope, s ft/ft 0.016

6. Tt = 0.007 (nL)^0.8 / (P2^0.5 s^0.4) Compute Tt hr 0.32 0.32

Shallow concentrated Flow Segment ID B-C C-D D-E

7. Surface Description (paved or unpaved) UNPAVED PAVED UNPAVED

8. Flow Length, L ft 46 48 19

9. Watercourse slope, s ft/ft 0.015 0.015 0.020

10. Average Velocity, V (figure 3-1) ft/s 1.98 2.49 2.28

11. Tt = L / 3600V Compute Tt hr 0.01 0.01 0.00 0.01

Channel flow Segment ID

12. Cross sectional flow area, a sf

13. Wetted perimeter, pw ft

14. Hydraulic radius, r=a/wp Compute r ft

15. Channel Slope, s ft/ft

16. Manning's roughness coeff., n

17. V = 1.49 r^2/3 s^1/2 / n Compute V ft/s

18. Flow length, L ft
19. Tt = L / 3600V Compute Tt hr 0

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr 0.33
min 19.8

(210-VI-TR-55, Second Ed., June 1986) D-3

Subcatchment E-3



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-3 Hyd. No. 7

Hydrograph Type = NRCS Runoff Peak Flow = 0.007 cfs

Storm Frequency = 2-yr Time to Peak = 12.60 hrs

Time Interval = 2 min Runoff Volume = 120 cuft

Drainage Area = 0.21 ac Curve Number = 51

Tc Method = User Time of Conc. (Tc) = 19.8 min

Total Rainfall = 3.23 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.0004

0.0008

0.0012

0.0016

0.002

0.0024

0.0028

0.0032

0.0036

0.004

0.0044

0.0048

0.0052

0.0056

0.006

0.0064

0.0068

0.0072
Qp = 0.01 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-3 Hyd. No. 7

Hydrograph Type = NRCS Runoff Peak Flow = 0.094 cfs

Storm Frequency = 10-yr Time to Peak = 12.33 hrs

Time Interval = 2 min Runoff Volume = 579 cuft

Drainage Area = 0.21 ac Curve Number = 51

Tc Method = User Time of Conc. (Tc) = 19.8 min

Total Rainfall = 5.03 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

0.055

0.06

0.065

0.07

0.075

0.08

0.085

0.09

Qp = 0.09 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-3 Hyd. No. 7

Hydrograph Type = NRCS Runoff Peak Flow = 0.185 cfs

Storm Frequency = 25-yr Time to Peak = 12.30 hrs

Time Interval = 2 min Runoff Volume = 981 cuft

Drainage Area = 0.21 ac Curve Number = 51

Tc Method = User Time of Conc. (Tc) = 19.8 min

Total Rainfall = 6.14 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

0.14

0.15

0.16

0.17

0.18

0.19
Qp = 0.18 cfs



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.21 01-07-2022

Sub E-3 Hyd. No. 7

Hydrograph Type = NRCS Runoff Peak Flow = 0.361 cfs

Storm Frequency = 100-yr Time to Peak = 12.27 hrs

Time Interval = 2 min Runoff Volume = 1,734 cuft

Drainage Area = 0.21 ac Curve Number = 51

Tc Method = User Time of Conc. (Tc) = 19.8 min

Total Rainfall = 7.87 in Design Storm = Type III

Storm Duration = 24 hrs Shape Factor = 484

Time (hrs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

Qp = 0.36 cfs



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Post-Development Hydrology 



























































































































































































 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water Quality Volume Calculations 







 
 
 
 
 
 
 
 
 
 
 
 
 
 

Groundwater Recharge Calculations 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 

Groundwater Mounding Calculations 
 















 
 
 
 
 
 
 
 
 
 
 
 
 
 

TSS Removal Calculations 









 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pipe Sizing Calculations 
 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 

Inlet Grate Capacity Calculations 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soil Logs 
 





































































 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drainage Maps 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stormwater Operation and Maintenance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 












